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SUMMARY OF THE INVENTION 



[0004] The present invention is a method of assisting the rinsing of a wafer in a single 
wafer cleaning apparatus. According to the present invention, after exposing a wafer to a 
cleaning and/ or etching solution, the cleaning or etching solution is removed from the 
wafer by spinning the wafer and dispensing or spraying DI water onto the wafer as it is 
spun. The centrifugal force of the spiiming wafer enhances the rinsing of the wafer. In 
order to enhance the rinsing of the wafer, in an embodiment of the present invention a 
solution having a lower surface tension than water, such as but not limited to isopropyl 
alcohol (IPA) is dispensed in liquid or vapor form onto the wafer after chemical dispensing 
^ and/or DI water dispensing. In another embodiment of the present invention, a gas such 
H0 as N2, is blown for a short period of time onto the center of the wafer to break up the DI 
sQ water bulging up at the center of the spinning wafer. In yet another embodiment of the 
M> present invention, acoustic or sonic waves are applied to the wafer as it spins in order to 

y 

Q help diffuse the chemicals into the DI water and away from the wafer. And in still yet 
P another embodiment of the present invention, the DI water which is dispensed onto the 

qj spinning wafer is heated to a temperature above room temperature and preferably 

m 

H between 60-70^C to enhance the diffusion of chemicals from the wafer. The low surface 

U 

^ tension liquid, acoustic application, gas blowing, and heated DI water can be used alone or 
in combination with one another into enhance the rinsing of a wafer and thereby decrease 
the rinsing time of a single wafer process to less than 20 seconds. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Figure la is an illustration of a cross-sectional view of a single wafer cleaning 
apparatus. 

[0006] Figure lb is an illustration showing the covering of the entire surface area of a 
plate with transducers. 

[0007] Figure Ic is an illustration showing how the transducers covered plate of Figure 
lb covers the entire surface area of a wafer being cleaned. 

[0008] Figure 2a is a schematical profile of rinse water on a spinning wafer. 

[0009] Figure 2b is a schematical comparison between a profile of water while spinning 
a wafer and the profile of water and IPA on a spiniung wafer. 

[0010] Figure 2c is an illustration showing the blowing of a gas, such as N^, on a water 
coated spirming wafer. 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 



[0011] The present invention is a method of assisting the rinsing of a wafer in single 
wafer cleaning process. In the following description numerous specific details are set forth 
in order to provide a thorough understanding in the present invention. One of ordinary 
skill in the art will understand that these specific details are for illustrative purposes only 
and are not intended to limit the scope of the present invention. Additionally, in other 
instances well-known processing techniques and equipment have not been set forth in 
particular detail in order to not unnecessarily obscure the present invention. 
[0012] The present invention is a method of assisting the rinsing of a wafer in a single 
wafer cleaning apparatus. According to the present invention, after dispensing a cleaning 
0 and/or etching solution onto a spinning wafer, the cleaiung or etching solution is removed 
ffi from the wafer by spinning the wafer and dispensing or spraying DI water onto the wafer 
HJ as it is spun. The centrifugal force of the spiiming wafer enhances the rinsing and drying of 
h.j the wafer. In order to enhance the rinsing of the wafer even further, in an embodiment of 
Y the present invention a solution having a lower surface tension than water, such as but not 
P limited to isopropyl alcohol (IP A) is dispensed in hquid or vapor form onto the wafer after 

ry 



the DI water 

Hi 



[0013] The DI water rinse step is meant to remove the chemicals from the etching 
and/or cleaning step and replace these chemicals with pure DI water. The removal of the 
chemicals from the wafer happens through a combination of convection and diffusion. 
Close to the wafer surface, chemicals are removed by the rinsing DI water by diffusion 
only. The diffusion rate of chemicals close to the wafer surface is dependent upon the 
boundary layer thickness. The boimdary layer thickness can be made small by spirming 
the wafer at high rotation rates. In an embodiment of the present invention, the IPA vapor 
is directed at the wafer surface. The IPA vapor reduces the boundary layer and pushes the 
remaining chemicals and DI water away from the surface. This is a very efficient way of 
shortening the rinse. 
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[0014] In another embodiment of the present invention, a gas such is blown for a 
short period of time onto the center of the wafer to break up the DI water and chemicals 
bulging up at the center of the spinning wafer. In yet another embodiment of the present 
invention, acoustic or sonic waves are applied to the wafer as it spins in order to help 
diffuse the chemicals into the DI water and away from the wafer. And in still yet another 
embodiment of the present invention, the DI water which is dispensed onto the spinning 
wafer is heated to a temperature above room temperature and preferably between 60-70°C 
to enhance the diffusion of chemicals into the DI water. The low surface tension liquid, 
acoustic application, gas blowing, and heated DI water can be used alone or in combination 
with one another into enhance the rinsing of a wafer and thereby decrease the rinsing and 
drying time of a single wafer process to less than 20 seconds. The IPA vapor or N2 blowing 
can be done separately or simultaneously with DI water dispensing to speed up the rinse. 
[0015] The rinsing process of the present invention is carried out in a single wafer 
cleaning apparatus which utilizes the centrifugal force of a spinning wafer to enhance the 
rinsing of the wafer. An example of a single wafer cleaning apparatus which can be used 
to rinse a wafer in accordance with the present invention as shown in Figure la. Single 



iJl wafer cleaning apparatus 100 shown in Figure la includes a plate 102 with a plurality of 

m 

IJI acoustic or sonic transducers 104 located thereon. Plate 102 is preferably made of 



aluminum but can be formed of other materials such as but not limited to stainless steel 
and sapphire. The plate is preferably coated with a corrosion resistant fluoropolymer such 
as Halar. The transducers 104 are attached to the bottom surface of plate 102 by an epoxy 
106. The transducers 104 cover the entire bottom surface of plate 102 as shown in Figure 
lb. The transducers 100 preferably generate sonic waves in the frequency range between 
400 kHz and 8 MHz. In an embodiment of the present invention the transducers are 
piezoelectric devices. The transducers 104 create acoustic or sonic waves in a direction 
perpendicular to the surface of wafer 108. 

[0016] A substrate or wafer 108 is horizontally held by a wafer support 112 parallel to 
and spaced-apart from the top surface of plate 102. In an embodiment of the present 
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invention, wafer 108 is held about 3mm above the surface of plate 102 during cleaning. In 
an embodiment of the present invention, the wafer 108 is damped face-up to wafer support 
112 by a pluraUty of clamps 110. Alternatively, the wafer can be supported on elastomeric 
pads on posts and held in place by gravity. The wafer support 112 can horizontally rotate 
or spin wafer 108 about its central axis at a rate between 0-6000 rpm. Additionally, in 
apparatus 100 wafer 108 is placed face up wherein the side of the wafer with patterns or 
features such as transistors faces towards a nozzle 114 for spraying cleaning chemicals 
thereon and the backside of the wafer faces plate 102. Additionally, as shown in Figure Ic 
the transducer covered plate 102 has a substantially same shape as wafer 108 and covers 
the entire surface area of wafer 108. 

[00171 During use, DI water pi-HjO) is fed through a feed through channel 1 16 and 
P plate 102 and fills the gap between the backside of wafer 108 and plate 102 to provide a 
m water filled gap 118 through which acoustic waves generated by transducers 104 can travel 
m to substrate 108. In an embodiment of the present invention DI water fed between wafer 
y 108 and plate 102 is degassed so that cavitation is reduced in the DI water filled gap 118 
'"^ where the acoustic waves are strongest thereby reducing potential damage to wafer 108. 

S [00181 Additionally during use, cleaning chemicals and rinsing water such as DI-Hp 

yi 

'1 are fed through a nozzle 114 to generate a spray 120 of droplets which form a liquid 

m 

0 coating 122 on the top surface of wafer 108 while wafer 108 is spun. In the present 
invention tanks 124 containing cleaning chemicals such as diluted HF, de-ionized water 
(DI-H2O), clearung solutions and a low surface tension liquid or vapor, such as, isopropyl - 
alcohol (IPA) are coupled to conduit 126 which feeds nozzle 114. In an embodiment of the 
present invention the diameter of conduit 126 has a reduced cross-sectional area or a 
"venturi" 128 in a line before spray nozzle 114 at which point a gas such as H2 is dissolved 
in the cleaning solution as it travels to nozzle 114. A "venturi" 128 enables a gas to be 
dissolved into a fluid flow at a gas pressure less than the pressure of the liquid flowing 
through conduit 126. The venturi 128 creates under pressure locally because of the increase 
in flow rate at the venturi. 
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[00191 Additionally, if desired, apparatus 100 can include a second nozzle (not shown) 
separate from nozzle 114 for blowing gas and/or isopropyl alcohol (IPA) vapor onto the 
frontside of the wafer 108 during rinsing steps. An IPA vapor can be formed by passing N2 
gas through a bubbler containing IPA. Such a process will typically produce a vapor of 
approximately 4% IPA in N^. Additionally, the distance which wafer 108 is held from plate 
102 by wafer support 112 can be increased (by moving either support 112 or plate 102) to 
free the backside of the wafer 108 from liquid filled gap 118 to enable the wafer to be 
rotated at very high speeds. 

[00201 In a method of rinsing a wafer 108 in accordance with the present invention 
using cleaning apparatus 100, a wafer to be rinsed is clamped to wafer support 110. A 
wafer will typically need to be rinsed after cleaning solutions, such as SC-1 and SC-2 

D 

■i and/or etching solutior\s such as HF, are applied to the surface of wafer 108. In an 
embodiment of the present invention wafer 108 is exposed to clearing chemicals and 
etching solutions in the same apparatus 100 in which the rinsing takes place (i.e., rinsing is 

p insitu with the cleaning or etching process). 

!Lj [0021] According to the present invention wafer 108 is rotated about its central axis, 
fl preferably at a rate between 500-1000 rpm for hydrophilic wafers and between 50-100 rpm 
W for hydrophobic wafers, while the DI water is dispensed onto its surface through nozzle 

a 

N- 114 for rinsing the wafer. At the surface of the wafer, rinsing happens by diffusion. Even 
when the wafer is spinning at high rotation speeds the rinsing DI water contacting wafer 
surface moves together with the wafer surface and therefore rinsing happens by diffusion 
from these contacting layers into the upper layers which do not move relative to the wafer 
surface. After diffusion into these upper layers the contaminants are swept away. The 
action of the centrifugal force can thus be understood as creating an infinite smk for 
diffusion close to the wafer surface and thereby speeds up the rinsing. However, this 
infinite siitk for diffusion is greatiy reduced at the center of the wafer. For example. Figure 
2a shows the DI water coating profile 122 on wafer 108 as it spiris at a high rate. As can 
been seen in Figure 2a, DI water bulges up 200 in the center of the wafer due to lack of 
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centrifugal force at the center of the wafer due to on axis spinning. The Dl-Up bulge 200 
at the center of the wafer is a result of surface tension. The surface tension holds the DI 
water together whereas the centrifugal force tends to sheet the water especially towards the 
edge of the wafer. At the beginning of the rinse the diffusion is very efficient since high 
concentrations of chemicals is reduced quickly by diffusion into the rinse water. Because 
diffusion is quick during the initial exposure to the water rinse, the DI water rinse initially 
is effective by itself in removing contaminants and there is no need initially to remove the 
bulge 200. DI water provided is good for the initial and vast majority of the rinsing 
because it has high solubility for ionic contaminants and because it has low cost in liquid 
consumable cost and a low cost in disposal. In an embodiment of the present invention 
wafer 108 is exposed to DI water for a period of time between 0-20 seconds. 
[0022] Unfortunately, however, with time, diffusion slows down and the bulge 200 at 
the center of the wafer must be reduced. In an embodiment of the present invention the DI 
water bulge 200 is reduced as shown in Figure 2b by exposing spiniung wafer 108 to a 
rinsing solution with a lower surface tension than water, such as but not limited to 
isopropyl alcohol (IPA). Exposure to isopropyl alcohol (IPA) is only necessary towards the 
end of the rinsing cycle and for a short period of time, typically less than 10 seconds, 
because the initial water rinse is effective by itself and there is no need to reduce the DI- 
Hp bulge 200. Additionally, because isopropyl alcohol (IPA) is more expensive than DI 
water, as is its disposal cost, it is desirable to have the IPA rinse as short as possible in 
order to reduce its consumption. Additionally, IPA is used at the end of the rii\se because 
although it reduces the bulge 200 and reduces the stationary boundary layer, it has reduced 
solubility (less than DI water) for ionic contaminants. Thus, the wafer cleaning process of 
the present invention therefore uses the best of the both worlds. First a DI water rinse is 
used which has high solubility for ionic contaminants and which has a low liquid 
consumable cost. The DI water rinse is followed by a short IPA rinse which has a higher 
consumable cost. The IPA has a higher disposable cost and has a lower solubility for ionic 
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contaminants but reduces the DI water bulge 200 on the center of the wafer which speeds 
up the diffusion by reducing the boundary layer. 

[0023] In an alternative to rinsing with a lower surface tension solution, one can blow 
the vapor of a low surface tension solution into the center of the wafer. This will also have 
the effect of reducing bulge 200 and reducing the boundary layer and therefore will have a 
similar effect in speeding up the rinsing. For example, an IPA vapor will dissolve in the DI 
water on the wafer surface and will reduce the surface tension. Because of the reduction in 
surface tension the bulge 200 at the center of the wafer will be reduce much like rinsing 
with a IPA liquid as shown in Figure 2b. An advantage of using a vapor over a liquid is 
that vapor is more pure than liquid. A vapor can be easily filtered for particles to a very 
high purity. A liquid will always contain much more particles. An added advantage of a 
vapor is that the consumption of the solution can be more easily controlled and this in turn 
elevates the processing waste processing cost. 

[0024] In an alternative embodiment of the present invention, one can blow IPA vapor 
or dispense IPA liquid on the wafer immediately after the chemical dispense step and 
before DI water is dispensed on the wafer for rinsing. In such a case, the IPA vapor is used 
to remove the bulk of the chemicals. In yet another embodiment, IPA vapor is blown on 
the wafer on one spot by one nozzle, simultaneously to or while DI water is dispensed on 
another spot with another nozzle. In such a way, the IPA vapor lowers the boundary layer 
locally while the DI water provides the sweeping and convection and sink for the 
chenrucals that are blown sideways by the IPA vapor. 

[0025] Alternatively, to utilizing a low surface tension liquid to reduce bulge, one can 
simply blow a gas such as N2 into the center of the wafer to breakdown the bulge by 
physical force instead of relying upon the reduction of surface tension. Although N2 is a 
preferred gas other gases such as helium (He) or argon (Ar) can be used to physically 
breakdown the bulge. Thus according to this embodiment of the present invention the 
wafer is rinsed first with pure DI water which is then followed by a short blowing of N2 
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into the center of the wafer to breakdown the bulge of the liquid in the center and thereby 
increase the rinsing speed. 

[0026] In an embodiment of the present invention to help improve the rinsing 
efficiency, acoustic or sonic waves are provided to substrate 108 during the DI water rinse 
and /or IPA rinse. Acoustic or sonic waves can be provided to substrate 108 by activating 
transducers 104 which provide acoustic waves which travel through plate 102, water filled 
gap 118, and through wafer 108 to provide mechanical energy to help improve the 
diffusion of the DI water on the wafer. 

[0027] In an embodiment of the present invention the DI water used for rinsing is 
heated to a temperature greater than room temperature by a heater 150 prior to being 
sprayed on wafer 108. Heating the DI water used to rinse the wafer provides thermal 
^ energy to the DI water which enhances the diffusion. In an embodiment of the present 
iO invention the DI water deposited onto the wafer during rinsing is heated to a temperature 
between 60-70°C. 

p [0028] Thus, several different methods for assisting the rii\sing and drying of a wafer in 

Q a single wafer process have been described. The different methods can be used alone or 

Si 

-J combination with one another to enhance the rinsing of a wafer in a single wafer process 
and thereby reduce the required rinsing time. 

^ [0029] After the rinsing process of the present invention, another chemical etch/clean 
step can follow or the wafer can be dried. Drying can be done by ramping the wafer up to 
high speed and using the air flow aroimd the wafer to dry the wafer. Alternatively, can 
be blown on the wafer surface. Typically, the wafer rotation rate for drying will be higher 
than the wafer rotation rate for rinsing. During drying, hydrophilic wafers can be rotated 
at a rate between 1000-2000 rpm while hydrophobic wafer can be rotated at a rate between 
500-1000 rpm. 
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100301 Thus, metho^jor assisting the rinsing of a wafer ix, a single wafer process 
been described. 
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